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Abstract 
Several documented evidences have indicated high influence of diseases on developmental 
instability measurable by asymmetry, there is however scarcity of reports on the type of asym-
metry in hand and limited attempts to determine its relationship with body mass index (BMI) 
especially among Hausa population. The study was aimed to determine type(s) of asym-
metry in hand dimensions and its relationship with BMI from selected tertiary institution in 
Kano metropolis, Nigeria. The study was cross sectional type which involved a total of 398 
students (204 males and 194 females). The hand dimensions (digits length, palmer length and 
hand breadth) were measured using standard protocol. Body mass index was calculated from 
the measured height and weight. Asymmetry was determined as right-hand dimension minus 
left hand dimension (A = R-L). One sample t test was used to determine the type of asymme-
try in hand dimensions. Pearson’s correlation was used to determine the correlation between the 
asymmetry and BMI. The results of the study showed that digit length, hand breadth and pal-
mar length exhibited directional asymmetry (DA). The degree of the DA was more expressed in 
index digit followed by middle digit and the least was the ring digit. The nature of DA in the 
hand dimensions was left warded except for the hand breadth which was observed to be right 
warded. There was no significant correlation observed between asymmetry in hand dimensions 
with BMI. In conclusion, there were no significant correlations between hand asymmetry and 
BMI among the studied Hausa population and hand dimensions exhibited directional type of 
asymmetry, as such may not be used as a surrogate indicator of developmental instability. 
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Introduction

Bilateral asymmetry refers to dissimilarity of parts on either side of a straight line 
or plane, or about a center or axis. Asymmetry of an individual is measured as the 
right minus the left value of the bilaterally paired trait. Departures from symmetry 
in bilateral structures have the potential to elucidate the effects of genetic and physi-
ological, but also mechanical factors, during growth and development (Van Valen, 
1962; Palmer, 1994; Gawlikowska-Sroka et al., 2013). Humans show bilateral symme-
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try in paired morphological traits such as ear size, digit length and breast volume. 
Three types of biological asymmetry exist in nature; fluctuating asymmetry, direc-
tional asymmetry, and antisymmetry. Fluctuating asymmetry (FA) is characterized 
by small random deviations from perfect bilateral symmetry. Directional asymmetry 
(DA) is characterized by a symmetry distribution that is not centered around zero but 
is biased significantly, towards larger traits either on the left or the right side (e.g the 
consistent asymmetry of the thoracic organs in humans and upper limb dimensions. 
Antisymmetry is characterized by being centered around a mean of zero (Van Valen, 
1962; Palmer, 1994; Battles, 2009). 

The existence of high influence of diseases on developmental instability measur-
able by asymmetry is a well-established phenomenon (Palmer, 1994; Palmer and 
Strobeck, 1986; Palmer and Strobeck, 2003), and as such, asymmetry is been used by 
proxy as a pointer to different types of stresses including environmental and occu-
pational stress as well as developmental instability (Van Valen, 1962; Palmer, 1994; 
Gutnik et al., 2015). However, there is paucity of data on the type(s) of asymmetry 
in hand dimensions among Hausa population which might provide an insight on 
nature and extent of developmental instability prevalent among the Hausa. BMI, an 
established indicator of body adiposity and predictor of a cluster of genetic diseas-
es has also been linked to developmental and evolutionary stress. We hypothesized 
in the present study that BMI and hand asymmetry are similar, being morphomet-
ric traits with developmental stress as common determinant. We therefore conducted 
this study to determine the type(s) of asymmetry in hand dimension and its correla-
tion with BMI. This study which is first of its kind among the Hausa ethnic group of 
Kano may provide an insight on the asymmetry pattern in hand dimension and its 
relationship with BMI. 

Materials and methods

The study was carried out at Bayero University Kano (BUK), College of Health 
Science (CHS) which comprises of four Faculties; Allied Health Sciences, Basic Medi-
cal Sciences, Clinical Sciences and Dentistry and Yusuf Maitama Sule University Kano 
(YMSUK), Faculty of Basic Medical Sciences (FBMS). 

The study design was cross-sectional type. Using simple random sampling, a total 
of 398 (204 males and 194 females) of students of the CHS BUK and YMSUK Fac-
ulty of Basic Medical Sciences aged between 18 to 30 years participated in the study. 
Included participants are the registered students of BUK, CHS and YMSUK, FBMS 
which are physically fit and have no any physical malformation especially in their 
hands. Only student that belong to Hausa ethnic group was included. Informed con-
sent was also gained from the participants before participation. The study was con-
ducted in accordance with Helsinki declaration.

The sample size for study was determined using a standard formula (Cochrane, 
1977):
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Where; n= minimum sample size, z= standard normal deviation with confidence 
interval of 95% (±1.96), p= proportion in the target population (50%) 0.5, q= 1-p, 
1-0.5= 0.5, d = sampling error which is 5% (0.05).

 (this was the minimum number of participants needed for the 
study).

The bio-data (age, sex, and location of the birth of the participants and ethnici-
ty) were collected using structured proforma. The anthropometric parameters were 
measured from the participants and also recorded in the proforma. 

Height was measured as a vertical distance from the standing surface to the vertex 
of the head using a stadiometer (RGZ, 160). Body weight of the subjects was measured 
using digital weighing scale (Omron, China). BMI was calculated as a ratio of weight 
in kg to the height per m2. The lengths of the digits, hand breadth and palmer length 
were measured using vanier caliper (Neiko 01407A) (Figure 1) as described as adopted 
from Manning et al. (1998); Umar et al. (2016) and Asuku et al. (2017).

An asymmetry index, differences between left (L) and right (R) was used. This 
was determined by the formulae: A = R – L. The existence of DA was detected by 
subjecting the mean value of asymmetry against mean of zero using one sample 
t-test. An asymmetry is directional if mean value of signed symmetry differs signifi-
cantly from zero; otherwise, it is considered as FA. The nature of the asymmetry was 
based on the sign of asymmetry. If R – L resulted in positive value then asymmetry 
is considered as right warded asymmetry (that is the right dimension is greater than 
the left) and if R – L resulted in negative value then asymmetry is considered as left 
warded asymmetry (that is the left dimension is greater than the right).

The data were expressed as mean ± standard deviation and range (minimum and 
maximum). One sampled t test was used to determine the type of asymmetry for 
each dimension. Pearson’s correlation was used to determine the correlation between 
the hand dimension asymmetry and BMI. The data were analyzed using the Statisti-
cal Package for Social Sciences (SPSS) software version 20. P < 0.05 was considered as 
level of significance.

Results

Table 1 shows the descriptive statistics of the age, BMI and hand parameters of 
the students of BUK, CHS and YMSUK, FBMS. The mean age and BMI of the study 
population were 21.67±2.54 years and 20.23±3.55 kg/m2 respectively. It was observed 
that in the all hand parameters, left hand dimensions showed higher values com-
pared to the right-hand dimensions except in left thumb and left-hand breadth where 
the right-hand dimension was higher. 

Table 2 shows type and nature of asymmetry in hand parameters among Hausa stu-
dent of BUK, CHS and YMSUK, FBMS. The asymmetries were found to be left warded 
(negative asymmetry), where most of left-hand dimensions measurements were larger 
compared to the right, except for hand breadth. The mean hand asymmetries were sig-
nificantly greater than zero. It was observed that all the hand asymmetry was direc-
tional asymmetry (DA) types. The degree of the directional asymmetry was more 
expressed in index digit followed by middle and the least was the ring digit. 
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Table 3 shows the correlation of hand asymmetry with BMI among Hausa stu-
dents of BUK, CHS and YMSUK, FBMS. It was observed that there was no significant 
.correlation between hand asymmetry with BMI in males. Similarly, there was no sig-
nificance correlation between hand parameters asymmetry with BMI in females.

Table 1. Descriptive Statistics of Age, Body Mass Index and Hand Parameters

Variables Mean± SD Min Max
Age (years) 21.67±2.54 18.00 30.00
Body mass index (kg/meter square) 20.23±3.55 13.76 40.58
Right thumb (mm) 63.96±5.29 41.92 78.72
Right index (mm) 70.53±5.15 45.73 85.45
Right middle (mm) 79.56±5.67 53.21 96.17
Right ring (mm) 73.66±5.79 46.62 89.45
Right little (mm) 58.59±5.59 30.29 91.60
Right hand breadth (mm) 79.71±6.27 61.81 113.40
Right palmar length (mm) 107.83±6.99 70.03 125.33
Left thumb (mm) 64.63±5.34 40.60 82.56
Left index (mm) 71.52±5.47 47.11 90.50
Left middle (mm) 80.36±5.99 55.01 97.66
Left ring (mm) 74.17±5.98 46.16 90.93
Left little (mm) 58.94±5.29 33.01 71.95
Left hand breadth (mm) 79.06±6.26 55.35 95.35
Left palmer length (mm) 108.55±6.89 85.32 127.04

Table 2. Type of asymmetry in hand parameters among Hausa student of BUK, CHS and YMSUK, FBMS.

Variables Mean SEM t Value P Value Type of 
Asymmetry Nature 

Thumb asymmetry -0.67 2.65 -5.03 <0.001 DA Left warded 
Index asymmetry -1.01 2.15 -9.34 <0.001 DA Left warded 
Middle asymmetry -0.79 2.16 -7.35 <0.001 DA Left warded 
Ring asymmetry -0.49 2.24 -4.42 <0.001 DA Left warded 
Little asymmetry -0.35 2.31 -3.04 <0.001 DA Left warded 
Hand breadth asymmetry 0.64 2.63 4.87 <0.001 DA Right warded 
Palma length asymmetry -0.70 3.45 -4.07 <0.001 DA Left warded 

DA; directional asymmetry, the mean asymmetry was tested against mean of zero



23Determination of type of asymmetry in hand dimensions and its relationship with body mass index

Discussion

Bilateral asymmetry is one of the least understood aspects of the hand param-
eters. The measure of asymmetry which has mainly been used in population and 
genetic studies is the right and left differences (Gawlikowska-Sroka et al., 2013). The 
present study evaluated the existence and type of asymmetry with respect to the 
hand parameters and its relation to BMI among the Hausa population of Kano state. 
All the parameters showed directional type of asymmetry. This finding was similar 
with the previous study (Livshits et al., 1998). In humans a typical example of DA is 
found in upper limb dimensions (Livshits et al., 1998). This DA among Homo sapiens 
is mainly interpreted as effects of handedness (Steele, 2007). It was also reported that 
hand parameters especially the digits exhibited directional type of asymmetry; there-
fore, the hand parameters may not be a good indicator of developmental instability 
and stress, which is measured by proxy with any structure that exhibited fluctuating 
type of asymmetry (Palmer and Strobeck, 1986; Palmer and Strobeck, 2003). It can be 
suggested that asymmetry in hand dimensions especially among Hausa population 
should not be consider as good indicator of developmental stress and instability. 

Additionally, other conditions explained by FA such as failure of affected organ-
ism to maintain developmental homeostasis (Palmer and Strobeck, 1986; Thornhill 
and Moller, 1998) may also not be explained by asymmetry in hand parameters. 
However, since perfect symmetry of bilateral traits is said to represent ideal develop-
ment, while asymmetry including DA represents an inexact presentation of develop-
mental design (Tomkinson, 2000). Therefore, it can be appreciated that DA is develop-
mentally controlled and likely to have adaptive significance and generally thought to 
have adaptive basis and the asymmetry is just a norm not just as a result of imprecise 
development (Van and Valen, 1962). 

There is no significant correlation between the hand asymmetry and BMI among 
the study population. This may be explained by the fact the hand exhibited direc-
tional asymmetry rather than fluctuating type. Most of the previous studies corre-
lated the asymmetry with health indices (Fink et al., 2014) were based on FA not DA. 
Even among FA contrasting results were reported. For example, it was reported that 

Table 3. Relationship of Hand Asymmetry with BMI among Hausa student of BUK, CHS and YMSUK, FBMS.

Variables (mm)
Correlation coefficient

Male 
BMI (kg/m2)

Female 
BMI (kg/m2)

Thumb asymmetry -0.0114 0.0871
Index asymmetry 0.0021 -0.0371
Middle asymmetry -0.0185 -0.0181
Ring asymmetry -0.0775 -0.0775
Little asymmetry 0.0696 -0.0519
Hand breadth asymmetry 0.1359 -0.0700
Palmar asymmetry -0.0111 -0.0047
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FA was associated with health, using seven health measures: BMI, waist/hip ratio, 
systolic blood pressure, total blood cholesterol, cardiorespiratory fitness, periodon-
tal disease, and a number of medical conditions (Barry et al., 2003). These associa-
tions were demonstrated to be independent of each other, and were robust to the 
confounding influences of exercise (Barry et al., 2003). However, it was also docu-
mented that FA was not associated with waist/ hip ratio, BP, BMI, cholesterol, fit-
ness, or periodontal disease when investigated in both univariate and multivariate 
models (Milne et al, 2003). 

In another context, it should be noted that a well-developed, symmetrical phe-
notype indicates the ability of an individual to oppose the challenges of develop-
mental stress in particular the environments (Møller and Swaddle, 1997). Therefore, 
asymmetry in general is imprecision of the developmental process both in utero and 
postnatally. It is also important to emphasize that different populations are exposed 
to different environmental conditions which may result in different expression of 
effect of environmental stress. Genetic variation is also another factor that may lead 
to difference in the manner an organism response to environmental stressor. There-
fore, the expression of DA in hand dimensions among the Hausa population as well 
as absence of correlation of hand asymmetry with BMI may not be absolute and 
similar in comparison with other populations with different genetic and environ-
mental conditions.

In conclusion, the measured hand dimensions exhibited directional type of asym-
metry as such may not be used as good indicator of developmental instability by 
proxy among Hausa ethnic group. There is also no significant correlation between 
hand asymmetry with BMI among the Hausa population studied. Hence, may not be 
a good marker of generalized adiposity and its abnormal health related consequences. 
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